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Sui NARY 

An investir^ation Y'Jrs made in the Ames Aeronautical 
Latoratory 7- by 10-foot wind tunnel of* the effects of 
modifications to the trailing edge of a 0.20-chord plain 
sealed aileron on an NACA 66,2-216 (a = O.-'-) riil'oil. 
The modifications considered consisted of various amounts 
of symmetrical thickening and bevelin'T of the aileron 
trailing edge. Aileron control cNiaracteristics were esti- 
m.ated for tv\^o high-speed airplanes equipped with normal- 
profile ailerons and v;lth the modified ailerons, 

Thickenin-T and beveling the trailing edge of the 
aileron v/as found to reduce the aileron effectiveness, 
reduce the slope of the v/in^-^ section lift curve, and re- 
duce the hln-^-e-moment coefficients. These effects v/ere 
maximum for the bevel, the length of which was 20 percent 
of the aileron chord, and decreased for both Increasing 
and decreasing bevel lengths. Thickening and beveling 
the trailing edge caused an increase of 0.0001 in the 
minimum profile-drag coefficient. 

The optimum, beveled trailing edge on a typical ailer- 
on installation caused a reduction of 50 percent in the 
control' force for a large rate of roll at high speed. 
When used in conjunction with internal balance, the thick- 
ened and beveled profile I'esulted in a oO-pcrcei^t reduc- 
tion in the nose balance required for a given conti'ol 
force at high speed. Under these conditions the variation 
of control force with rpte of roll was more nearly linear 
for the aileron of normal nrofile than for the ailerons 
v;ith thickened and beveled trailing edg^^s. 



2 



V/itli every increase in size and speed of raodern high- 
p^.ri oriTxanoe airplanes, the proSlem of attaining adeq_uate 
lateral control vrithout excessive contrrl forcer, iDecomes-: 
less anenalDle to solution "by simple aerodynamic "balancing 
nethods. Of the various in3thods of aerodynamic balance 
available, one of the most efficient is the sealed in- 
ternal nose halance. However, sufficient control light- 
ness ireavccntly cannot be satisfactorily attained by the 
use of an internal nose balance alone. The necessary 
balance niay be so lar^^e that the required control-surface 
defloction^ cannot be obtained, or structural n e ce s i t i e s 
of the r:iain surfaces may be such that adequate balance 
cannot be incorporated in the design. Aileron profile 
offers an independent means of adjusting aileron hinge 
moments v/ithout the additional linkacTCS and loss in ef- 
fectiveness associated with a balancing tab. Hoference 1 
has ^resented the aerodynamir. effects ^f thinning and 
thickening the contr o 1-sur f ace pr of i?. 3 • Two-dimensional 
flow tests on an KAOA 00C9 airfoil (reference 2). and 
three-dinensicnal flow tests on a tapered XACA 25C-series 
wing (reference 3) and on a tapered low-drag winp; (ref- 
erence -l) indicate that thickening and beveling the 
controls-surface trailing edge is a powerful means of ad- 
justing hinge— moment characteristics. 

The purpose of the tests reported herein was to ob- 
tain Quantitative data on the effect of thickened and 
beveled trailing edges on the characteristics of ailerons 
on a low— arag airfoil in two--dimens ional flow. 



MODEL Airo APPARATUS 
Model 



The c'iirfoil used in these testn was constructed ^^f 
laminated 'mahogany to the ITAOA 66,2-216 (a - 0.6) profile 
of 4-foot chord and 5-foot span. The airfoil rrdinates 
are given in table I. The ailercns were constructed of 
laminated mah-ogany and had a nose-gap seal of dental 
rubber dam. The aileron ordinates arc given in table II. 
The ordinates of the normal-profile aileron arc the same 
as the corresponding ordinates •.:f the SfACA 66,2-216 
(a = 0.6) airfoil. The details of the ailerons, and tne 
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modifications tested, are shov/n in figure 1. The method 
of dotermining the profile of the thickened and tevelcd 
trailing od^cs is descrilDod in the appendix. Since, as 
shov/n in fi^^ure 1, "bevelinif: the trailing edge was neces- 
sarily accompanied hy a definite amount of thickening, 
the modified profiles are for simplicity hereafter r or- 
forrcd to as hoveled Ir ail ing-edge ailerons and hoveling 
the trailing edge is understood to moan thickening and 
hoveling as shov'n hy the figure. 



Test Installation 

The airfoil v/as mounted vertically in the test sec- 
tion of the AAL ?— hy 10-foot wind tunnel llo. 1, as 
shown in the photographs of iie:ure 2. End plates were 
attached to the 5-foot-span section. Fairings of the 
same airfoil section as the wing were fastened to the 
tunnel floor and ceiling turntahles and were used to 
shield the connections hetween the model and the halance 
frame. These fairingv^ v;ere not eq_uipped with ailer-^ns. 
Provisions vrere made for changing the angle of attack 
and the aileron angle v/hile the tunnel was in operation. 
Aileron hinge moments v/ere measured hy means of elec- 
trical r ps is t ance— type strain gages v^hich were mounted 
on a member which restrained the torque tuhe of the 
aileron frora rotation. 



COEFriCIBlTTS AUT. CORREOTIOITS 



The coefficients used in the presentation of results 
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Ac J iiicr orient -^f ci due to deflecting the aileron 
from neutral 

Acj' C| of down aileron minus Cj of up aileron 
Ac^ ir.creinent of n d-o.e to deflecting; the aileron 

^0 

from nevitral 

tci,^ incrc.T.ent of duo to deflecting the aileron from 

neutral 

Acv^' C',^ of up aileron ininur, c-^ of down aileron 

AF/o incveiuent of pressure coefficient across aileron 
nose seal (pressure "below seal minus pressure 
a"bove seal divided hy dynamic pressure) 

v/her 0 

I airfoil section lift 

d^ airfoil section profile dra^ 

m airfoil section pitching moment ahout quarter—chord 

of airfoil 

h aileron section hinge moment 

c chord of airfoil v;ith ailer6n neutral 

chord of ailer'^n aft of aileron hinge line 
q dynamic T^ressure of nir stream (l/SpV^) 

V f r o e-^s t r earn velocity 

In addition to the -preceding, the following symbols are 
o.iaploy ed : 

aQ an^;le of attack for airfoil of infinite aspect 
rat io 

6a aileron deflection with respect to the airfoil 
Id v-ing sj^an of assumed airplane 
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Yi inclica^tecl airspeed, miles, per hour 
p rate oi roll, radians per second 

- ( 0 c J /oa) ^ ^--Q 0 (measured through = 0^) 



Cj^ = (cicj/a5g) ^- , C (measured through 6 = ) 



^hg^ ( ^ /Sa) 5^ -0 ^-^ (measured through - C ) 

^h " ^^"^I'/^^a^a =8 (measured through 6^ = C^) 

^a - ' 

The suhscripts outside the parentheses represent 
the factors held constant during the measurement of the 
par ainet er s . 

The lilt coofiicient, profile— drag coefficient, and 
p it ching— moment coefficient have "been corrected for 
tunnc]— \:all effects. Section profile drag wa.s determined 
cy measurement of loss of momenturn in the v;ing v/ake. A 
compo.rison of force—test and pr e s sur e— d i s t r ihut i on meas- 
urements of section lift coefficient and section pitching- 
moment coefficient indicated that the end plates had no 
effect on these coefficients v;ith the aileron neutral. 
ITo corrections have "been applied to section hinge—moment 
coefficients and no end— plate correction has heen applied 
Ac J. :3ecaAise of po s s ibl^e- t ip losses, it is "believed 

that the measured aileron effectiveness is slightly low 
and rates of roll com2)uted from these data i-zill he con- 
servative. By comparison of these data with section data 
on a similar airfoil (reference 5), it is estimated that 
the decrease in the value of Acj due to this effect is 

not more than 12 percent. 



TESTS 

Tor each of the aileron profile modifications, tv^o 
scries of tests v/ere m.ade. The first series obtained 
aileron characteristics at the highest Eeynclds number 
obtainable ( 9 ,000,000') at five angles of attack (-4*^, 
—2 , 0^', 2 and 4^). A second series, at an<e:les of 
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attack of 0^, U^, S^, and 12^, was run at a reduced 
Reynolds number (3,SC0,000). With the aileron neutral, 
section characteristics were obtained at a Reynolds num- 
ber of S, 200,000. Section profile-drag coefficients 
were obtained v;ith the aileron neutral, at the ideal 
lift coefficient (c^ 0.2l), over a "Reynolds number 

range of 3,000,000 to 10,000,000, 



RESULTS AxTD DISCUSSTOIT 

Easj^c _s ection dat a>- The basic section data, with 
aileron deflected and aileron neutrn.l, are presented in 
fi^^ures 3 to 9, These data may be utilised to predict 
the section characteristics of ailerons vrith any amount 
of internal nose balance bv means of the eatiation 



where 

(Cj^)3 aileron section hinge-moment coefficient of aileron 
with sealed internal nose balance 

c-,, aileron section hin^^e-moment coefficient of plain 

a i 1 0 r 0 n 

B nose balance (expressed as fraction of Cg) 

E nose radius of plain aileron (expressed as 

fraction of c^^.) 

V'Jhile these basic data are s ef \il for purr^oses of 
ail.jron desij^n, the prediction and comparison of the 
effects of aileron profile on section characteristics 
may be more conveniently demons t r<at ed by means of sec- 
tion parameterso For this purpose, plots showing the 
relation of various coefficients and parameters to 
other independent variables have been pre^^ared. 

Aileron effectiveness .- The effect of the beveled 
trailinj[y od.:;3 on the ail eron- ef f ect i venes s parameter 
iha/hb^)^ is shown in figure 11* The value of this 
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parameter far txie li^crrinal-^pT^Ovfile ailer^on is, at a Reynolds 
number of 9,CKX),OC0, about 71 percent of that v/hich v:ould 
be pi-edicted from th Irt— airf o il theory and about 90 per- 
cent of the value obtained on the HACA 0009 airfoil (ref- 
erence S), The effect of beveling the trailing edge was 
to rediice the value of {ba/b6 ^) by about 10 percent* 

Beveling the trailing edge had a similar influence 
on effectiveness at the higher aileron deflections, where 
the flov/ over the aileron has separated. Figure 12 repre- 
sents the total Acj« available due to 30^ of total 
aileron deflection, plotted against angle of attack. At 
moderate angles of attack (ao = -^4^ to 4^), beveling the 
trailing edge caused a 14— percent reduction in the Acj* 

availr?„ble, ciit at ao = 12^ there is only a minor varia- 
tion of Ac|' f i^r i thb ■ var latis t r a i 1 ing— edge profile al- 
terations. The deleterious effects of trail ing-edge bevel 
on aileron effectiveness v/ere a maximum for the O.SOo-t 

bevel and decreased for both increasing and decreasing 
bevel: lengths , 

To determine the effect of beveled trailing edges on 
the aileron effectiveness of a typical installation,, 
these data have been applied to the prediction of the 
aileron control characteristics of a typical pursuit air- 
plane and a medium bomber. The airplane data necessary 
for the ca,l culat ions are presented in table III. The 
Calculations have been made assuming zero sideslip of the 
airplane and no torsional deflection of the wing. The ef- 
fect of aileron profile on ci has been included in the 

determination of Cj , the damping moment coefficient due 

to rolling. The calculated variation of pb/2V v;ith 
total aileron deflection for the various aileron profiles 
is presented in figures 13 and 14 for indicated airspeeds 
of 500 and 120 miles per hour^ Examination of these 
figures revep.ls that the aileron effectiveness at low 
speeds v;as little influenced by aileron trail ing^edge 
profile* Thus the size and the total aileron deflection 
for 8.n installation of given effectiveness v/ould be un— 
chane^ed by con tr ol— sur f a c e profile modifications at the 
trailing edge. 

Aileron hinge moment^s.- The effect of the beveled 
trailing edge on the aileron hinge— moment parameter C]. ^ 
IS snovm m iigure 15, and a comparison is afforded be- 
tween these experimental values, the theoretical value 
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fro^n thin- airfoil theory and the experimental value ob- 
tained on an I'ACA 0009 airfoil (reference 6). Beveling 
the aileron trailing ed;:e results in an algebraic in- 
crease in c, . The variation, with an-le of attack, 

of the total Ac^.^' due to 30° of total aileron deflec- 
tion is ^resented in figure 16. The beveled trailing 
edae reduces the val^^e of A c^' , but at large an3ler> of 
attack the effect is very small. Comparative curves of 
ci^ a.'^ainst 6^ for the various bevel lengths are pre- 
sented in fi.o:ure 17. The balancin- effect of the bevel 
increasf^s with reduction in bevel len^^^th to an optimum 
value with the 0.20ca bevel. For the shorter bevel, 
the balancing effect is lessened. 

Unlike the thickened and thinned aileron profiles re- 
ported in reference 1, the presence of the beveled trail- 
ino- Pd-'e had a larrce effect on the an-rular range of linear 
hin^e-moment characteristics. At = 0° this renge was 
reduced from 16° of total aileron deflection for the 
normal-r)rof ile aileron to 6° of total aileron deflection 
for the' 0.20c bevel. Tnis linear range was a minimum 
for the 0.20ca bevel, and increased for both increasinrj, 
and decreasing bevel lenf7,ths. 

The value of ( 9cv,/c)a) 6 varies with an^le of attack 
and with aileron deflection. At sm.all angles of attack 
and small aileron deflections, the beveled trailing edge 
causes a lai-^go al'scbraic increase in ( GCj.,/Ba) 6,^. The 

value of i^c^/da)^^ = 0 in th....s region varies between 

-0.0049 for the normal-profile aileron to 0.010 for the 
O.OOc^ bevel. A posibive value of (8c^/ea) will in- 
duce an unfavorable response and will tend to increase 
the effective dihedral aid the damoins in roll, stick 
free. As the aileron angle is increased, (ac^/da)6a 

becomes ne-ative (i.e., the response becomes favorable) 
for the beveled profiles at the aileron angles at vvhicn 
senaration occurs over the ailerons. At angles of attack 
grlatcr than 6°, (Sc^/Ba)6a = ^ ^^^^ constant value of 
-0.010 irrespective of aileron profile. 

To determine the effect of nose seal on the beveled 
trailin''--ed^e nrofiles, tests at five angles of attack 
were made on the 0.20c„ beveled profile with a C. 25-inch 

a. 

(0.0052c) nose gao. The data are presented in figure 18. 



In audition to the losr. in effectiveness usually associated 
v;ith this condition, the nose gap decreased the hinge 
moments at lew aileron deflections and further decreased 
the an.^ular range of linear hir^'^^e-monient characteristics, E 
cause of the decreased effectiveness, the unsealed beveled 
aileron is inferior to the sealed beveled aileron as a 
means of reducing control forces. 

The data of fic^ures 3 to 7 have been plotted in 
fi<5ui'*e 19 as hinpe-rroirent parametei^s arainst lift parari- 
eters. The curves show the relative dependence of the 
aileron hin^e morrients on the aileron effectiveness and 
on the slope of the wing section lift curve* In addition 
to the data shovm for the ailerons of the present investi- 
gation, experimental points are included from data obtained 
for a series of 0.20-chord ailerons v/ith thickened and 
thinned aileron profiles (reference 1), The small devia- 
tion of the experimental points from, the mean curves in- 
dicates that the relationships indicated are little 
influenced by the chordwise distribution of thickness of 
the control-surface profile. 

Since the effect of aileron profile on A p/q is 
sm.all, the nin3e-mom.ent coefficients of ailerons v;ith in- 
ternal nose balance will exhibit aileron-profile effects 
similar to those observed on the plain ailerons. As 
separation occurs over the aileron at large deflections, 
there is an abrupt loss in p/q over the suction side of 
the control (side opposite the deflection). This loss 
accounts for the nonlinearity of the curves of AP/q 
against 5^ (fi-^s. 3 to 7). ^It is this reduction in 

AP/q which causes the nonlinearity of hin'j:e-moment curves 
of ailerons with lar-e amounts of internal nose balance. 3c 
cause of the earlier flov/ separation of the ailerons with 
beveled trailing-edge profiles, this nonlinearity is more 
pronounced for the beveled trailing-edge ^orofiles than it 
is for the normal profile. 

Aileron control force s, - The effect of beveled trail- 
ing; edges on aileron control characteristics may be evalu- 
ated from tv/o considerations: the reduction in control 
force due to the bevel when the aileron is designed with 
a jyiven aerodynamic nose balance, and the reduction in 
nose balance due to the bevel when the aileron is designed 
for a given control force. 

Fi^gures 20 to 23 illustrate the changes in control- 
force characteristics which I'esult from a beveled trailing 
edge. TliO airplane data necessary for these calculations 
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are presented in ta-'ble III. I^or "che pursuit airplane, 
the ciilerons are selecbod with 0.400^ aerodynamic nose 

"balancGj and for the n^y<LiMm homlyer no nose "balance is 
used. At a -p\)/2Y of 0.03 at hi^-h speed, the C,30ca 
"bevel cau'JOG a 7t>-poand reduction in stick force for the 
pursuit airplane and an 80— poiind redaction in wheul force 
for thn medium "bop.her , At lov speeds the percent reduc- 
tion in control lorce due to the "bevel is less., 'This is 
caused by the previously mentioned reduction in "bevel ef- 
fect on hin::^e moments at large p^nc;lQS ci attack. The 
effect of the trail ing-udge bevel on the angular range of 
linear control characo er is t ics is further emphasized by 
figures 2G and ^2^2. While the variation of control force 
with pb/2Y is linear for the airplar.e equipped with 
normal— prof lie aiiorons to a pb/SV of CO. 07, the linear 
range vrith the aileron with a 0.20ca bevel (sealed) 

extends only to a pb/2V of 0.035. Tho removal pf the 
nose seal on the ^O.BOca bevel aileron further reduces 
this range to a pb/2T of 0.02. 

figures 24 to 27 present the variation of control 
force v/ith pb/SV v;hen each aileron has an assumed nose 
balance such that a pb/2V of 0.08 can be attained with 
a stick force of 30 pounds at 300 miles per hour on the 
pursuit airplane and a wheel force of 80 pounds at 250 
miles per hour on the medium bcm.ber . 

Por the pursuit airplane und'^-.r consideration, the 
0.40c*^^, 0.200^^, and O.lOca beveled tr ail ing— edge ailerons 
are overbalanced for moderate values of pb/2V at Vi^^SOO 
miles per hour. Thisi overbalance is a result of the re- 
duced linear rsaga of hiLge-^i^oment coefficient against 
aileron deflection due to the bevelec- trailing edge and 
the reduced effectiveness of the beveled profiles. Another 
contributing factor to the ^ve^balance is" the fact that 
the addition of the bevel causes a larger reduction in 
AP/q at large aileron deflection than it does at small 
aileron deflection. This difference increases the effec- 
tiveness of the internal balance at the aileron deflections 
corresponding to low rates of roll and thus contributes 
to the overbalance. These deleterious effects are partially 
compensated for by the reduced balance required with the 
beveled pro-^'*iles and the presence of a.n unfavorable response 
at low aileron deflections and a favorable response at 
high aileron deflections, both factors tending to in^ 
crease the linearity of stick force against pb/23. Vhilc 
the aileron with 0.30ca bevel is not overbalanced, the 



11 



variation of vStick force v/ith pb/^Y is net ar. nearly 
linear as is the gradient attainable v/ith zhe ncrmal- 
proiile ailerono The aileron v/ith 0„30ca bevel requires 
13-pcrcoiit less nose "balance than is req^uired of 

the normal-~pr of il9 aileron. This reduced nose balance 

may he advantageous for structural reasons and it v/ill 

reduce the lift loads on the ailer-?n structure. The 

value of ct, for this 0.30ca hovel aileron with 
' ^ a 

0..40ca nose balance is 0.0015. In a steady roll this 

positive value of ci, is of no importance due to the 

unfavorable response (positive (doy^/ba) ) of the ailerons. 



In level flight, stick free, there may be some cscilla- 
tionnoi the ailerons due to the positive value of Ch« . 

^ a 

When applied to the medium bomber, the bevel has an 
equally large effect on the v/heel-f orce gradient and the 
nose balance required for a hi^h—specd wheel force of 80 
pounds^for a pb/sV cf 0.08. When designed for thin 
condition, the required nose balance varies from 0.455ca 

for the normal-profile aileron to 0.2960^ lor the 

aileron with 0.30c^^ bevel.. Tho effect on high--speed 

wheel— force gradient is such that the control force neces- 
sary to attain a pb/2V of 0,06 varies from 54 pounds 
for the normal profile to 25 pounds for the 0.40ca be-rel 

profile. At low speeds the control force is increased due 
to the presence of the bevel. This effect is due to the 
reduced noso balance requir.ed.of the beveled contours. 

Mli*— Thickening and beveling the aileron trailing— 
edge profile caused a decrease in c, , This is shown in 

figure S. The effect was maximum for the 0.20ca bevel 

and decreased for both increasing and decreasing bevel 
lengths • 

Pitch incfi: moment ,- Beveling the aileron trailing edge 

caused an increase in (^c^/^c.^)^ ^ corresponding to a 

a 

forward shift of the aerodynamic center. This is shewn in 
f i gur e . 8 . 
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Dra/?:.- 10 pro-.^-^nts the variation of section 

profile drag coefficient with Reyiicias num^ber at the ideal 
lift coefficient (c^ = 0.2l), The presence of the ailcr- 

onr/D'Ovel caused an increase in Ori^ of GO. 0001. The 

^ o 

straight--c ided aileron profile (reference l). resulted in 
a profile-drac coefficient increase of 0110004, indicat- 
ing that the effect of a profile discontinuity on profile 
dra^ decreases as the discontinuity approaches the trail- 
ing edge of the airfoil, 

H e ;/ no 1 3, s^ ^^^jug. h e r^ — Jilxam inat i on of figures Z to ? re- 
veals that at small angles of attack increasing :Reynolds 
nurnoer resulted in a loss in Acj^, Acj^', and AP /q . The 

magnitude of these effects of increasing P.oynolds numher 
va^ a maximum fcr the O.COca hevel and decreased for 

"both increasing and decreasing "bevel lengths « Measure- 
ment of the airfoil "boundary-layer profiles indicated that 
these effects vjere caused "by a for\-:ard movement of the 
transition point due to increasing Reynolds num*ber. This 
forwo.rd movement ox transition, resulting in a thickening 
of the "boundary layer at the beginning of pressure re— 
coveryj results in a less complete recovery, thus causing 
a decrease in effectiveness, hinge moment, and AP/q, 

CONCLUSIOITS 

The results of the tests of the 0.20— chord aileron 

on a lcv^-drag wing indicate that the follov/ing conclusions 
may oe dr^ai-mi 

!♦ Beveling the aileron trailing edge causes a de- 
crease in aileron effectiveness, a decrease in the slope 
of the v/ing section lift curve, a decrease in hinge— moment 
coefficients, and a reduction in the angular range of 
linear aileron characteristics. These effects are maximum 
for the "bevel, the length of v/hich is 20 percent of the 
aileron chord, and decrease for hoth increasing and de— 
creasdng l^evnl lengths. 

2. The magnitude of these "bevel effects decreases 
v/ith increasing angle of attack, 

5. The "bevels cause an increase of 0.0001 in minim.um 
pr of ile— dr a-g coefficient • 
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4, 'The iDeveled trailing ed^^e causes a 'r educt ion of 
60 percent in the h igh-'-speed control forces for large 
rates of roll. 

5. VHien used in conjunction with internal nose 
balance, the t rail ing— edge hevel results in a 30— percent 
reduction in the nose "balance required for a given con- 
trol force at high speed, 

o» 'when designed for a given high— speed control force 
at large rates of roll, the variation of control force 
with rate of roll is nor'e nearly linear for the aileron 
of n-orr.:al profile than for the b ev el— pr of il e ailerons. 
Under these conditions the bevel results in a 50— percent 
increase in the control force for full deflection at lov; 
speed, 

7. The changes in slope of the curves of hinge- 
moment and lift coefficient with respect bo angle of at- 
tack (due to beveling the aileron) will cause some changes 
in airplane stability characteristics. 



alines Aeronautical Laboratory, 

ITational Advisory Committee for Aeronautics, 
Moffett Pi eld, Calif. 



EEFEREilCES 



1. Crane, Hobert H., and Holtzclaw, Ralph V/,: Vind- 

Tunnel Investigation of Ailerons on a Low— Drag 

Airfoil. I - The Effect of Aileron Profile. 
ilACA ACH Ko. 4A14, Jan. 1944. 

2. Jones, P.obert T., and Ames, Milton B., Jr.: Wind- 

Tv.nnel Investigation of Control— Surf ace Character- 
istics. V - The Use of a Beveled Trailing Edge to 
Reduce the Kinge i-ioment of a Control Surface. 
ITACA AER, March 19 42. 



14 



3. Fio^-allc, M. , and Purse-, Paul B*: Wind-Tunnol 

Investigation of a Plain Aileron with Various 
Trail ing-Edge Modifications an a Tapered Ving. 
II — Ailerons v/ith Thickened and Beveled Trailing 
Edges. KACA ASS, Oct • 1942. 

4. Purser, Paul E., and McKee, John W.: Wind— Tunnel 

Investigation of a Plain Aileron with Thickened 
and Beveled Trailing Edges on a Tapered Lovz-Drag 
Wing. ITACA ACR, Jan. 19 43, 

5. Danaci, G. , and Bird, J. D . : Wind-Tunnel Test of 

Ailerons at Various Speeds, II - Ailerons of 0.20 
Airfoil Chord and True Contour with 0.60 Aileron- 
Chord Seailed Internal Balance on the ITAGA 66,2—216 
Airfoil. ITACA ACR ITo. 3P18 , June 1945 o 

6. A-ics, Milton B., Jr • , and Sears, Richard I.:: Deter- 

nination of Control-Surface Characteristics fron 
ilACA Plain-I^lap and Tal) Data. Rep. ITo. 721, NACA 
1941, 



APPENDIX 

The rnothod of determining the thickened and "beveled 
profiles is outlined hclov/: 

1. At the chordwise station defining the hevel, a 
perpendicular v;as erected. 

2. With the intersection of the mean line of the 
normal profile and the perpendicular as a center, a 
circle \^as constructed. 

5. The radius of the circle, r, was such that the 
irtersoction of lines drawn from the hinge center of the 
aile-on and the trailing edge of the aileron intersected 
on the perpendicular at 10^ at a distance, r, from the 
mean line. 



15 



With. these intersections defining their centers 
tv^o circles of radius, r.^ were constructed a.nd ta.ngent 
lines drav/n from these circ].e5 to the trail ing-edge 
radius • 

5. The forward "orofile was a free fr^iring for O.UOc^ 
at which point normal profile was regained, 

6. The intersection of this fairing and the "bevel 
Was slightly rounded "biit no attem-nt wa.s made to fix this 
radius of curvature. 



This mohtod of construction v;g.s favored "because it 
V'as assiimed that the action of the "bevel \/as similar to 
that of a "balancing tah and it was desired to maintain 
every variahlo constant except the length of the "bovele 
The aileron profile forv/ard of the "bevel v/o.s faired into 
the normal profile to eliminate the a'brupt change in T)ro- 
file at the hinge line which would result if straight- 
sided surfaces v/ere used. 




0,20c. 















i line 










'^"'^-T.E, radius oOOOb( 
... Straight line 
Mean line--normal profile 
SFormal profile 

:;Tor:nal >i^d bevel profile 

^ \— xCg bevel profile 

Construction of beveled trailing edge ailerons 



TABLE I.- i'AGA 65,2-216 (a = O.o) AIHPCIL 



Stations ^nd ordinates are given 
in percent of the airfoil chord 


Upper stirfaco 


Lcv/er surface 


Station 


Ordinato 


Station 


Cr dinat 9 


0 

.371 
.607 
1.091 

2,317 
U.79U 

7.22^^ 

9.7S1 

14,758 
I9.SO6 
2^.812 
29.S62 
14.S97 
39.936 
^^.-.972 
50.023 

b5.07 3 

60. lUi 

65 .191 
70.192 
7^.121 

r;o.iU2 
S5 .106 
96. 061 
95 .021 
160 


0 

1 2U2 
1.501 
1 ,226 

2 c 615 
^.701 

H. 563 
5c JOS 

C V r\r\ 
b . pOU 

7.^22 

2. 155 
2. 70s 
9 , 092 
9 ' 356 
9.H71 
9.U3I 
9 . 22U 
2. SOO 

S.osU 

7.06s 
■S. SS9 

U, 525 

3.265 

I. 937 
0.762 

0 


0 

, 629 
. 893 
I.U09 
2.623 
5 . 2Q5 
7.716 

10. 219 

20.19U 

2'5.l6S 

36.132 

35.163 
Uo.ObU 

U5.O22 

U9.977 
5U.C27 

59.859 

6U ,809 

69 . 802 
7U.819 
79.852 
gU.gcU 

80 .Q"^9 

9U.979 
100 


0 

-1.112 
-1. 319 

-1. 6O8 

-2.127 
-2. 269 
-3.UU1 

-3.93^ 

_li 7 op 

-5.290 
-5.7UI 

-6.020 
-6. 312 
-6.U62 
-6.523 

-b . zfS 

-6. 042 
-5.57U 

-U.g66 
-U.037 
-3.107 
-2.177 
-1.235 
- .-32 
0 


L.E. radius := lo75 


T.l. radius:= O.O625 



TABLE II - AILEROW ORDIWATES 
(stations gi-ven are wing stations and ordlnates are in percent of the airfoil chord) 



Normal profile 










Beveled profiles 


















0.40cg^ "bevel 


0o30g^ "be^el 


0,20Cg^ hevel 


0.10c a, bevel 










TT'nTkO'v* 





0-4-0 4--? 


U i-x^tJX 


XivJ W 


KJ (jCmKi A. \JLl 




XjU a' -/X 


Pfpti -in 


upps^r 


Lower 


AT PR 

OX m C.D 




9 PR 


PI PR 
0 J. . 0 0 


A P7 

4: . G / 




fil 9R 

Ox • GO 


4. 97 


-9 PR 


ftl 9R 
ox. r^O 


A ?7 




A'l ?R 

ox c tJ v-> 


A ^1 


-9 PR 

— G • 00 


oo .00 


0 . f / 




00 . oO 


0 M 1 1 


9 AR 


00 • 00 


7 7 


9 AR 


P"^ '^'^ 


' ^ n I 1 




Oo V 00 


77 


9 /d R 


00 . 


0 . <dl 


. u / 


85.42 


3.21 


-2 .07 


85-42 


3.21 


-2 . 07 


85,42 


3.21 


-2 . 07 


85.42 


3.21 


-2.07 


87 . 50 


2 . 65 


-1 67 


87.50 


2.71 


-1.75 


87.50 


2.68 


-1.72 


87.50 


2.G5 


-1.57 


87.50 


2 . 65 


-1.67 


89.58 


2 .08 


-1.28 


•89.58 


2.29 


-1.48 


89.58 


2.23 


-1.44 


89,58 


2.10 


-1,-33 


89. 5S 


2.08 


-1.28 


91.67 


1.54 


-.91 


91.67 


2,01 


-1.41 


91.67 


1.88 


-1.25 


91.67 


1,67 


-1.15 


91.67 


1.56 


-.98 


93.75 


1.06 


-.58 


92.00 


2.00 


-1.40 


93.75 


1.65 


-1.24 


93.75 


1.58 


-1.05 


93.75 


1.13 


-.79 


95.83 


.63 


-.33 








94.00 


1.64 


-1.23 


96.00 


1:,?7 


-.98 


95.83 


.83 


-.66 


97.92 


.31 


-.17 




















98.00 


.73 


-.58 


100 


0 


0 


























T.E. radius: 


0.062 


Straight line from 
this station tangent 
to T.E, radius of 
0.062 


Straight line from 
this station tangent 
to T.E. radius of 
0.062 


Straight line from 
this station tangent 

1 to T.E. radius of 

j 0.062 


Straiglit line from 
this station tangent j 
to T.E. radius of | 
0.062 i 
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TABLE III.- CEARACTSRI STIC3 CF ASSUMSID A!"^.?LA1T3S 



— - • ~ 


Pur sui t 


i-'i e CL 1 u n 0 0 ni J G r 


ii 1 0 c . ^ o ^ ' . a r 9 I e G TJ • • • • 


^ ( J 


goo 


olDaij-s X Got . . o- • . 0 • 


Hi . ^ 




Aspect ratio . . . c . 


6.23 


s.o 




;^ • ^ 


2.5:1 




66,2-216 

(a = 0.6) 


66,2-216 
(a = 0.6) 


A 1 "i r* n n Q • 






Spall •••••••••• 


to t iT) 


From O.SOl:;/? 
to t i '0 


P/ I'l n v n 




0 • 20c 


M "f* *] ti 4" T r\ 












Vfin^o^ loading, pounds 

per square foot . . • . 


33.7 


50 


Aileron differential , ^ 


1 ; 1 


111 


Sticl: tra.vel, inches . • 






Control wheel travel . * 




±igo° 


Control v/heel diameter, 
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Figure 1.- Thickened and beveled trailing edges on 0.20-chord plain ailerons. 




with the 0.2C-chord plain aileron of normal profile. 
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Figure 11.- Effect of beveled trailing edge ailerons on the aileron effec- 
tiveness parameter for b^aled gap ailerons of 0.20-chord on an 
NACA 66,2-216 (a = 0.6) airfoil. 
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Effect of beveled trailing edges on aileron effectiveness for an NACA 66,2-216 (a 
airfoil equipped with sealed gap plain ailerons of 0.20 chord. 
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Tigure 13.- Effect of beveled trailing eae^^: on aileron effectiveness as applied to a 

tjypical pursiiit airplane i 0.20-chord sealed gap ailerons equal up and down 
aileron deflection; ass-omed rigid wing and zero sideslip. 




0 5 10 15 20 25 30 3o 



Total aileron deflection 



Figure 14.- 
def lection; 



Effect of "beveled trailing edges on ^."^ -^ron effectiveness as applied to a 
typical medium 'bom'ber; 0.20-chord sealed gap ailerons; equal up and down aileron 
assumed rigid wing and zero sideslip. 
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Figure 15.- Effect of "beveled trailing edge ailerons on the aileron hinge mo- 
ment parameter for sealed gap plain ailerons of 0.20 chord on an 
NACA 66,2-216 (a = 0.6) airfoil. 
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Figure 16.- Effect of beveled trailing edges on aileron hinge moments for an MCA 66,2-216 (a = 0.6) airfoil 
equipped with sealed gap plain ailerons of 0.20 chord. 
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Fig. 20 
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pb/2V 

Figure 21.- Effect of teveled trailing edges on the aileron-control 

characteristics of a typical pursuit airplane equipped with 
0.20-chord sealed gap ailerons with 0.40 Cg^ internal nose talance at an 
indicated airspeed of 120 mph. 
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Figure 22.- Effect of "beveled trailing edges on the aileron-control 

characteristics of a mediiom lDoin"ber equipped with 0.20-chord 
sealed gap ailerons with no nose "balance at an indicated airspeed of 
250 mph. 
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Figure 23.- Effect of beveled trailing edges on the aileron-control 

characteristics of a medium 'bom'ber equipped with 0.20-chord 
sealed gap ailerons with no nose balance at an indicated airspeed of 
250 mph. 




Figure 24.- Effect of "beveled trailing edges on the ax^v. ^n-control characteristics of a typical pfursuit 

airplane equipped with 0.20-chord sealed gap ailerons with sufficient internal nose balance 
for a 30-pound high-speed stick force at a ph/sv of 0.08. Vi = 300 raph. 
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Figure 25*- Effect of beveled trailing edges on the aileron-control characteristics of a typical pursuit airplane 

equipped with 0.20-chord sealed gap ailerons with sufficient internal nose balance for a 30-pound 
high-speed stick force at a pb/2V of 0.08. = 120 mph , ^ 
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Figure 26.- Effect of beveled trailing edges on the aiibpon-control characteristics of a typical medium tomber 1 

equipped with 0.20-chord sealed gap ailerons with sufficient internal nose balance for a 80-pound 
high-speed wheel force at a pb/2V of 0.08. = 250 mph . c 
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Figure 27.- Effect of beveled trailing edges on the aileron-control 

characteristics of a typical meditmi bomber equipped with 
0.20-chord sealed gap ailerons with sufficient internal nose balance 
for a 80-pound high-speed wheel force at a pb/2V of 0.08. 
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